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Description

Technical Field of the Invention

[0001] The present invention relates, in part, to im-
provements to methods of producing earth-boring bits.
The present invention further relates to methods of form-
ing modular earth-boring bit bodies.

Background Of The Technology

[0002] Earth-boring bits may have fixed or rotatable
cutting elements. Earth-boring bits with fixed cutting el-
ements typically include a bit body machined from steel
or fabricated by infiltrating a bed of hard particles, such
as cast carbide (WC + W2C), macrocystalline or standard
tungsten carbide (WC), and/or sintered cemented car-
bide with a copper-base alloy binder. Conventional fixed
cutting element earth-boring bits comprise a one-piece
bit body with several cutting inserts in insert pockets lo-
cated on the bit body in a manner designed to optimize
cutting. It is important to maintain the inserts in precise
locations to optimize drilling efficiency, avoid vibrations,
and minimize stresses in the bit body in order to maximize
the life of the earth-boring bit. The cutting inserts are often
based on highly wear resistant materials such as dia-
mond. For example, cutting inserts may consist of a layer
of synthetic diamond placed on a cemented carbide sub-
strate, and such inserts are often referred to as polycrys-
talline diamond compacts (PDC). The bit body may be
secured to a steel shank that typically includes a threaded
pin connection by which the bit is secured to a drive shaft
of a downhole motor or a drill collar at the distal end of a
drill string. In addition, drilling fluid or mud may be
pumped down the hollow drill string and out nozzles
formed in the bit body. The drilling fluid or mud cools and
lubricates the bit as it rotates and also carries material
cut by the bit to the surface.
[0003] Conventional earth-boring bit bodies have typ-
ically been made in one of the following ways, for exam-
ple, machined from a steel blank or fabricated by infiltrat-
ing a bed of hard carbide particles placed within a mold
with a copper based binder alloy. Steel-bodied bits are
typically machined from round stock to a desired shape,
with topographical and internal features. After machining
the bit body, the surface may be hard-faced to apply
wear-resistant materials to the face of the bit body and
other critical areas of the surface of the bit body.
[0004] In the conventional method for manufacturing
a bit body from hard particles and a binder, a mold is
milled or machined to define the exterior surface features
of the bit body. Additional hand milling or clay work may
also be required to create or refine topographical features
of the bit body.
[0005] Once the mold is complete, a preformed bit
blank of steel may be disposed within the mold cavity to
internally reinforce the bit body matrix upon fabrication.
Other transition or refractory metal based inserts, such

as those defining internal fluld courses, pockets for cut-
ting elements, ridges, lands, nozzle displacements, junk
slots, or other Internal or topographical features of the
bit body, may also be Inserted into the cavity of the mold.
Any inserts used must be placed at precise locations to
ensure proper positioning of cutting elements, nozzles,
junk slots, etc., in the final bit.
[0006] The desired hard particles may then be placed
within the mold and packed to the desired density. The
hard particles are then infiltrated with a molten binder,
which freezes to form a solid bit body including a discon-
tinuous phase of hard particles within a continuous phase
of binder.
[0007] The bit body may then be assembled with other
earth-boring bit components. For example, a threaded
shank may be welded or otherwise secured to the bit
body, and cutting elements or inserts (typically diamond
or a synthetic polycrystalline diamond compact ("PDC"))
are secured within the cutting insert pockets, such as by
brazing, adhesive bonding, or mechanical affixation. Al-
ternatively, the cutting inserts may be bonded to the face
of the bit body during furnacing and infiltration if thermally
stable PDC’s ("TSP") are employed.
[0008] US patent 5,560,440 discloses a rotary bit for
drilling subterranean formations. The bit includes a sep-
arately-fabricated bit body and cutter support structures,
the latter of which may be designed as blades, ribs, pads
or otherwise, depending upon the bit style. The body and
one or more cutter support structures are assembled and
secured together after fabrication. Separate fabrication
of the cutter support structures permits more precise cut-
ter positioning, as well as orientation, and promotes the
use of stronger and more diverse cutter affixation means.
The cutter support structures may be adjustably radially
movable with respect to the bit body, so as to provide the
ability to fabricate bits of various gage sizes within a range
using a single bit body and single size of cutter support
structure.
[0009] The bit body and other elements of earth-boring
bits are subjected to many forms of wear as they operate
in the harsh down hole environment. Among the most
common form of wear is abrasive wear caused by contact
with abrasive rock formations. In addition, the drilling
mud, laden with rock cuttings, causes the bit to erode or
wear.
[0010] The service life of an earth-boring bit is a func-
tion not only of the wear properties of the PDCs or ce-
mented carbide inserts, but also of the wear properties
of the bit body (in the case of fixed cutter bits) or conical
holders (in the case of roller cone bits). One way to in-
crease earth-boring bit service life is to employ bit bodies
made of materials with improved combinations of
strength, toughness, and abrasion/erosion resistance.
[0011] Recently, it has been discovered that fixed-cut-
ter bit bodies may be fabricated from cemented carbides
employing standard powder metallurgy practices (pow-
der consolidation, followed by shaping or machining the
green or presintered powder compact, and high temper-
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ature sintering). Such solid, one-piece, cemented car-
bide based bit bodies are described in U.S. Patent Pub-
lication No. 2005/0247491.
[0012] In general, cemented carbide based bit bodies
provide substantial advantages over the bit bodies of the
prior art (machined from steel or infiltrated carbides)
since cemented carbides offer vastly superior combina-
tions of strength, toughness, as well as abrasion and ero-
sion resistance compared to steels or infiltrated carbides
with copper based binders. Figure 1 shows a typical solid,
one-piece, cemented carbide bit body 10 that can be em-
ployed to make a PDC-based earth boring bit. As can be
observed, the bit body 10 essentially consists of a central
portion 11 having holes 12 through which mud may be
pumped, as well as arms or blades 13 having pockets
14 into which the PDC cutters are attached. The bit body
10 of Figure 1 was prepared by powder metal technolo-
gies. Typically, to prepare such a bit body, a mold is filled
with powdered metals comprising both the binder metal
and the carbide. The mold is then compacted to densify
the powdered metal and form a green compact. Due to
the strength and hardness of sintered cemented car-
bides, the bit body is usually machined in the green com-
pact form. The green compact may be machined to in-
clude any features desired in the final bit body.
[0013] The overall durability and performance of fixed-
cutter bits depends not only on the durability and per-
formance of the cutting elements, but also on the dura-
bility and performance of the bit bodies. It can thus be
expected that earth-boring bits based on cemented car-
bide bit bodies would exhibit significantly enhanced du-
rability and performance compared with bits made using
steel or infiltrated bit bodies. However, earth boring bits
including solid cemented carbide bit bodies do suffer from
limitations, such as the following:

1. It is often difficult to control the positions of the
individual PDC cutters accurately and precisely. Af-
ter machining the insert pockets, the green compact
is sintered to further densify the bit body. Cemented
carbide bodies will suffer from some slumping and
distortion during high temperature sintering process-
es and this results in distortion of the location of the
insert pockets. Insert pockets that are not located
precisely in the designed positions of the bit body
may not perform satisfactorily due to premature
breakage of cutters and/or blades, drilling out-of-
round holes, excessive vibration, inefficient drilling,
as well as other problems.
2. Since the shapes of solid, one-piece, cemented
carbide bit bodies are very complex (see for exam-
ple, Figure 1), cemented carbide bit bodies are ma-
chined and shaped from green powder compacts uti-
lizing sophisticated machine tools. For example,
five-axis computer controlled milling machines.
However, even when the most sophisticated ma-
chine tools are employed, the range of shapes and
designs that can be fabricated are limited due to

physical limitations of the machining process. For
example, the number of cutting blades and the rel-
ative positions of the PDC cutters may be limited
because the different features of the bit body could
interfere with the path of the cutting tool during the
shaping process.
3. The cost of one-piece cemented carbide bit bodies
can be relatively high since a great deal of very ex-
pensive cemented carbide material is wasted during
the shaping or machining process.
4. It is very expensive to produce a one-piece ce-
mented carbide bit body with different properties at
different locations. The properties of solid, one-
piece, cemented carbide bit bodies are therefore,
typically, homogenous, i.e., have similar properties
at every location within the bit body. From a design
and durability standpoint, it may be advantageous in
many instances to have different properties at differ-
ent locations.
5. The entire bit body of a one-piece bit body must
be discarded if a portion of the bit body fractures
during service (for example, the breakage of an arm
or a cutting blade).

[0014] Accordingly, there is a need for improved bit
bodies for earth-boring bits having increased wear resist-
ance, strength and toughness that do not suffer from the
limitations noted above.

Brief Description of the Figures

[0015] The features and advantages of the present in-
vention may be better understood by reference to the
accompanying figures in which:

Figure 1 is a photograph of a conventional solid, one-
piece, cemented carbide bit body for earth boring
bits;
Figure 2 is photograph of an embodiment of an as-
sembled modular fixed cutter earth-boring bit body
comprising six cemented carbide blade pieces fas-
tened to a cemented carbide blade support piece,
wherein each blade piece has nine cutting insert
pockets;
Figure 3 is a photograph of a top view of the assem-
bled modular fixed cutter earth-boring bit body of Fig-
ure 2;
Figure 4 is a photograph of the blade support piece
of the embodiment of the assembled modular fixed
cutter earth-boring bit body of Figure 2 showing the
blade slots and the mud holes of the blade support
piece;
Figure 5 is a photograph of an individual blade piece
of the embodiment of the assembled modular fixed
cutter earth-boring bit body of Figure 2 showing the
cutter insert cutter pockets; and
Figure 6 is a photograph of another embodiment of
a blade piece comprising multiple blade pieces that
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may be fastened in a single blade slot in the blade
support piece of Figure 4.

Brief Summary

[0016] Certain non-limiting embodiments are directed
to a modular fixed cutter earth-boring bit body comprising
a blade support piece and at least one blade piece fas-
tened to the blade support piece. The modular fixed cutter
earth-boring bit body may further comprise at least one
Insert pocket in the at least one blade piece. The blade
support piece, the at least one blade piece, and any other
piece or portion of the modular bit body may independ-
ently comprise at least one material selected from ce-
mented hard particles, cemented carbides, ceramics,
metallic alloys, and plastics.
[0017] The invention provides a method of producing
a modular fixed cutter earth-boring bit body in accord-
ance with claim 1 of the appended claims . Non-limiting
embodiments of the invention are directed to a method
of producing a modular fixed cutter earth-boring bit body
comprising fastening at least one blade piece to a blade
support piece of a modular fixed cutter earth boring bit
body. The method of producing a modular fixed cutter
earth-boring bit body may include any mechanical fas-
tening technique including inserting the blade piece in a
slot in the blade support piece, welding, brazing, or sol-
dering the blade piece to the blade support piece, force
fitting the blade piece to the blade support piece, shrink
fitting the blade piece to the blade support piece, adhe-
sive bonding the blade piece to the blade support piece,
attaching the blade piece to the blade support piece with
a threaded mechanical fastener, or mechanically affixing
the blade piece to the blade support piece.

Description of Certain Non-Limiting Embodiments of 
the Invention

[0018] One aspect relates to a modular fixed cutter
earth-boring bit body. Conventional earth boring bits in-
clude a one-piece bit body with cutting inserts brazed
into insert pockets. The conventional bit bodies for earth
boring bits are produced in a one piece design to maxi-
mize the strength of the bit body. Sufficient strength is
required in a bit body to withstand the extreme stresses
involved in drilling oil and natural gas wells. Embodiments
of the modular fixed cutter earth boring bit bodies
may comprise a blade support piece and at least one
blade piece fastened to the blade support piece. The one
or more blade pieces may further include pockets for
holding cutting inserts, such as PDC cutting inserts or
cemented carbide cutting inserts. The modular earth-bor-
ing bit bodies may comprise any number of blade pieces
that may physically be designed into the fixed cutter earth
boring bit. The maximum number of blade pieces in a
particular bit or bit body will depend on the size of the
earth boring bit body, the size and width of an individual
blade piece, and the application of the earth-boring bit,

as well as other factors known to one skilled in the art.
Embodiments of the modular earth-boring bit bodies may
comprise from 1 to 12 blade pieces, for example, or for
certain applications 4 to 8 blade pieces may be desired.
[0019] Embodiments of the modular earth-boring bit
bodies are based on a modular or multiple piece design,
rather than a solid, one-piece, construction. The use of
a modular design overcomes several of the limitations of
solid one-piece bit bodies.
[0020] The bit bodies include two or more individual
components that are assembled and fastened together
to form a bit body suitable for earth-boring bits. For ex-
ample, the individual components may include a blade
support piece, blade pieces, nozzles, gauge rings, at-
tachment portions, shanks, as well as other components
of earth-boring bit bodies.
[0021] Embodiments of the blade support piece may
include, for example, holes and/or a gauge ring. The
holes may be used to permit the flow of water, mud, lu-
bricants, or other liquids. The liquids or slurries cool the
earth-boring bit and assist in the removal of dirt, rock,
and debris from the drill holes.
[0022] Embodiments of the blade pieces may com-
prise, for example, cutter pockets for the PDC cutters,
and/or individual pieces of blade pieces comprising insert
pockets.
[0023] An embodiment of the modular earth-boring bit
body 20 of a fixed cutter earth-boring bit is shown in Fig-
ure 2. The modular earth boring bit body 20 comprises
attachment means 21 on a shank 22 of the blade support
piece 23. Blades pieces 24 are fastened to the blade
support piece 23. It should be noted that although the
embodiment of the modular earth boring bit body of Fig-
ure 2 includes the attachment portion 21 and shank 22
as formed in the blade support piece, the attachment
portion 21 and shank 22 may also be made as individual
pieces to be fastened together to form the part of the
modular earth boring bit body 20. Further, the embodi-
ment of the modular earth boring bit body 20 comprises
identical blade pieces 24. Additional embodiments of the
modular earth boring bit bodies may comprise blade piec-
es that are not identical. For example, the blade pieces
may independently comprise materials of construction
including but not limited to cemented hard particles, me-
tallic alloys (including, but limited to, iron based alloys,
nickel based alloys, copper, aluminum, and/or titanium
based alloys), ceramics, plastics, or combinations there-
of. The blade pieces may also include different designs
including different locations of the cutting insert pockets
and mud holes or other features as desired. In addition,
the modular earth boring bit body includes blade pieces
that are parallel to the axis of rotation of the bit body.
Other embodiments may include blade pieces pitched at
an angle, such as 5° to 45° from the axis of rotation.
[0024] Further, the attachment portion 21, the shank
22, blade support piece 23, and blade pieces 24 may
each independently be made of any desired material of
construction that may be fastened together. The individ-
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ual pieces of an embodiment of the modular fixed cutter
earth-boring bit body may be attached together by any
method such as, but not limited to, brazing, threaded con-
nections, pins, keyways, shrink fits, adhesives, diffusion
bonding, interference fits, or any other mechanical con-
nection. As such, the bit body 20 may be constructed
having various regions or pieces, and each region or
piece may comprise a different concentration, composi-
tion, and crystal size of hard particles or binder, for ex-
ample. This allows for tailoring the properties in specific
regions and pieces of the bit body as desired for a par-
ticular application. As such, the bit body may be designed
so the properties or composition of the pieces or regions
in a piece change abruptly or more gradually between
different regions of the article. The example, modular bit
body 20 of Figure 2, comprises two distinct zones defined
by the six blade pieces 24 and blade support piece 23.
In one embodiment, the blade support piece 23 may com-
prise a discontinuous hard phase of tungsten and/or
tungsten carbide and the blade pieces 24 may comprise
a discontinuous hard phase of fine cast carbide, tungsten
carbide, and/or sintered cemented carbide particles. The
blade pieces 24 also include cutter pockets 25 along the
edge of the blade pieces 24 into which cutting inserts
may be disposed; there are nine cutter pockets 25 in the
embodiment of Figure 2. The cutter pockets 25 may, for
example, be incorporated directly in the bit body by the
mold, such as by machining the green or brown billet, or
as pieces fastened to a blade piece by brazing or another
attachment method. As seen in Figure 3, embodiments
of the modular bit body 24 may also include internal fluid
courses 31, ridges, lands, nozzles, junk slots 32, and any
other conventional topographical features of an earth-
boring bit body. Optionally, these topographical features
may be defined by additional pieces that are fastened at
suitable positions on the modular bit body.
[0025] Figure 4 is a photograph of the embodiment of
the blade support piece 23 of Figures 2 and 3. The blade
support piece 23 in this embodiment is made of cemented
carbides and comprises internal fluid courses 31 and
blade slots 41. Figure 5 isa photograph of an embodiment
of a blade piece 24 that may be inserted in the blade slot
41 of blade support piece 23 of Figure 4. The blade piece
24 includes nine cutter insert pockets 51. As shown in
Figure 6, a further embodiment of a blade piece includes
a blade piece 61 comprising several individual pieces 62,
63, 64 and 65. This multi-piece embodiment of the blade
piece allows further customization of the blade for each
blade slot and allows replacement of individual pieces of
the blade piece 61 if a bit body is to be refurbished or
modified, for example.
[0026] The use of the modular construction for earth
boring bit bodies overcomes several of the limitations of
one-piece bit bodies, for example: 1) The individual com-
ponents of a modular bit body are smaller and less com-
plex in shape as compared to a solid, one-piece, cement-
ed carbide bit body. Therefore, the components will suffer
less distortion during the sintering process and the mod-

ular bit bodies and the individual pieces can be made
within closer tolerances. Additionally, key mating surfac-
es and other features, can be easily and inexpensively
ground or machined after sintering to ensure an accurate
and precision fit between the components, thus ensuring
that cutter pockets and the cutting inserts may be located
precisely at the predetermined positions. In turn, this
would ensure optimum operation of the earth boring bit
during service. 2) The less complex shapes of the indi-
vidual components of a modular bit body allows for the
use of much simpler (less sophisticated) machine tools
and machining operations for the fabrication of the com-
ponents. Also, since the modular bit body is made from
individual components, there is far less concern regard-
ing the interference of any bit body feature with the path
of the cutting tool or other part of the machine during the
shaping process. This allows for the fabrication of far
more complex shaped pieces for assembly into bit bodies
compared with solid, one-piece, bit bodies. The fabrica-
tion of similar pieces may be produced in more complex
shapes allowing the designer to take full advantage of
the superior properties of cemented carbides and other
materials. For example, a larger number of blades may
be incorporated into a modular bit body than in a one-
piece bit body. 3) The modular design consists of an as-
sembly of individual components and, therefore, there
would be very little waste of expensive cemented carbide
material during the shaping process. 4) A modular bit
body allows for the use of a wide range of materials (ce-
mented carbides, steels and other metallic alloys, ceram-
ics, plastics, etc.) that can be assembled together to pro-
vide a bit body having the optimum properties at any lo-
cation on the bit body. 5) Finally, individual blade pieces
may be replaced, if necessary or desired, and the earth
boring bit could be put back into service. In the case of
a blade piece comprising multiple pieces, the individual
pieces could be replaced. It is thus not necessary to dis-
card the entire bit body due to failure of just a portion of
the bit body, resulting in a dramatic decrease in opera-
tional costs.
[0027] The cemented carbide materials that may be
used in the blade pieces and the blade support piece
may include carbides of one or more elements belonging
to groups IVB through VIB of the periodic table. Prefer-
ably, the cemented carbides comprise at least one tran-
sition metal carbide selected from titanium carbide, chro-
mium carbide, vanadium carbide, zirconium carbide, haf-
nium carbide, tantalum carbide, molybdenum carbide,
niobium carbide, and tungsten carbide. The carbide par-
ticles preferably comprise about 60 to about 98 weight
percent of the total weight of the cemented carbide ma-
terial in each region. The carbide particles are embedded
within a matrix of a binder that preferably constitutes
about 2 to about 40 weight percent of the total weight of
the cemented carbide.
[0028] In one non-limiting embodiment, a modular
fixed cutter earth-boring bit body according to the present
disclosure includes a blade support piece comprising a
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first cemented carbide material and at least one blade
piece comprised of a second cemented carbide material,
wherein the at least one blade piece is fastened to the
blade support piece, and wherein at least one of the first
and second cemented carbide materials includes tung-
sten carbide particles having an average grain size of
0.3 to 10 mm. According to an alternate non-limiting em-
bodiment, one of the first and second cemented carbide
materials includes tungsten carbide particles having an
average grain size of 0.5 to 10 mm, and the other of the
first and second cemented carbide materials includes
tungsten carbide particles having an average grain size
of 0.3 to 1.5 mm. In yet another alternate non-limiting
embodiment, one of the first and second cemented car-
bide materials includes 1 to 10 weight percent more bind-
er (based on the total weight of the cemented carbide
material) than the other of the first and second cemented
carbide materials. In still another non-limiting alternate
embodiment, a hardness of the first cemented carbide
material is 85 to 90 HRA and a hardness of the second
cemented carbide material is 90 to 94 HRA. In still a fur-
ther non-limiting alternate embodiment, the first cement-
ed carbide material comprises 10 to 15 weight percent
cobalt alloy and the second cemented carbide material
comprises 6 to 15 weight percent cobalt alloy. According
to yet another non-limiting alternate embodiment, the
binder of the first cemented carbide and the binder of the
second cemented carbide differ in chemical composition.
In yet a further non-limiting alternate embodiment, a
weight percentage of binder of the first cemented carbide
differs from a weight percentage of binder in the second
cemented carbide. In another non-limiting alternate em-
bodiment, a transition metal carbide of the first cemented
carbide differs from a transition metal carbide of the sec-
ond cemented carbide in at least one of chemical com-
position and average grain size. According to an addi-
tional non-limiting alternate embodiment, the first and
second cemented carbide materials differ in at least one
property. The at least one property may be selected from,
for example, modulus of elasticity, hardness, wear resist-
ance, fracture toughness, tensile strength, corrosion re-
sistance, coefficient of thermal expansion, and coeffi-
cient of thermal conductivity.
[0029] The binder of the cemented hard particles or
cemented carbides may comprise, fro example, at least
one of cobalt, nickel, iron, or alloys of these elements.
The binder also may comprise, for example, elements
such as tungsten, chromium, titanium, tantalum, vanadi-
um, molybdenum, niobium, zirconium, hafnium, and car-
bon up to the solubility limits of these elements in the
binder. Further, the binder may include one or more of
boron, silicon, and rhenium. Additionally, the binder may
contain up to 5 weight percent of elements such as cop-
per, manganese, silver, aluminum, and ruthenium. One
skilled in the art will recognize that any or all of the con-
stituents of the cemented hard particle material may be
introduced in elemental form, as compounds, and/or as
master alloys. The blade support piece and the blade

pieces, or other pieces if desired, independently may
comprise different cemented carbides comprising tung-
sten carbide in a cobalt binder. In one embodiment, the
blade support piece and the blade piece include at least
two different cemented hard particles that differ with re-
spect to at least one property.
[0030] Embodiments of the pieces of the modular earth
boring bit may also include hybrid cemented carbides,
such as, but not limited to, any of the hybrid cemented
carbides described in co-pending United States Patent
Application Serial No. 10/735,379, which is hereby incor-
porated by reference in its entirety.
[0031] A method of producing a modular fixed cutter
earth-boring bit according to the present invention com-
prises fastening at least one blade piece to a blade sup-
port piece. The method may include fastening additional
pieces together to produce the modular earth boring bit
body including internal fluid courses, ridges, lands, noz-
zles, junk slots and any other conventional topographical
features of an earth-boring bit body. Fastening an indi-
vidual blade piece may be accomplished by any means
including, for example, inserting the blade piece in a slot
in the blade support piece, brazing, welding, or soldering
the blade piece to the blade support piece, force fitting
the blade piece to the blade support piece, shrink fitting
the blade piece to the blade support piece, adhesive
bonding the blade piece to the blade support piece (such
as with an epoxy or other adhesive), or mechanically af-
fixing the blade piece to the blade support piece. In cer-
tain embodiments, either the blade support piece or the
blade pieces has a dovetail structure or other feature to
strengthen the connection.
[0032] The manufacturing process for cemented hard
particle pieces would typically involve consolidating met-
allurgical powder (typically a particulate ceramic and
powdered binder metal) to form a green billet. Powder
consolidation processes using conventional techniques
may be used, such as mechanical or hydraulic pressing
in rigid dies, and wet-bag or dry-bag isostatic pressing.
The green billet may then be presintered or fully sintered
to further consolidate and densify the powder. Presinter-
ing results in only a partial consolidation and densification
of the part.-A green billet may be presintered at a lower
temperature than the temperature to be reached in the
final sintering operation to produce a presintered billet
("brown billet"). A brown billet has relatively low hardness
and strength as compared to the final fully sintered article,
but significantly higher than the green billet. During man-
ufacturing, the article may be machined as a green billet,
brown billet, or as a fully sintered article. Typically, the
machinability of a green or brown billet is substantially
greater than the machinability of the fully sintered article.
Machining a green billet or a brown billet may be advan-
tageous if the fully sintered part is difficult to machine or
would require grinding rather than machining to meet the
required final dimensional tolerances. Other means to
improve machinability of the part may also be employed
such as addition of machining agents to close the porosity
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of the billet. A typical machining agent is a polymer. Fi-
nally, sintering at liquid phase temperature in conven-
tional vacuum furnaces or at high pressures in a SinterHip
furnace may be carried out. The billet may be over pres-
sure sintered at a pressure of 300-2000 psi and at a tem-
perature of 1350-1500°C. Pre-sintering and sintering of
the billet causes removal of lubricants, oxide reduction,
densification, and microstructure development. As stated
above, subsequent to sintering, the pieces of the modular
bit body may be further appropriately machined or ground
to form the final configuration.
[0033] One skilled in the art would understand the proc-
ess parameters required for consolidation and sintering
to form cemented hard particle articles, such as cement-
ed carbide cutting inserts. Such parameters may be used
in the methods of the present invention.
[0034] Additionally, for the purposes of this invention,
metallic alloys include alloys of all structural metals such
as iron, nickel, titanium, copper, aluminum, cobalt, etc.
Ceramics include carbides, borides, oxides, nitrides, etc.
of all common elements.
[0035] It is to be understood that the present descrip-
tion illustrates those aspects of the invention relevant to
a clear understanding of the invention. Certain aspects
of the invention that would be apparent to those of ordi-
nary skill in the art and that, therefore, would not facilitate
a better understanding of the invention have not been
presented in order to simplify the present description. It
should be understood that various changes and modifi-
cations to the presently preferred embodiments de-
scribed herein will be apparent to those skilled in the art.
Such changes and modifications can be made without
departing from the spirit and scope of the present inven-
tion and without diminishing its intended advantages. It
is therefore intended that such changes and modifica-
tions be covered by the following claims.

Claims

1. A method of producing a modular fixed cutter earth-
boring bit body (20), comprising:

providing a blade support piece (23);
providing at least one blade piece (24); and
fastening the at least one blade piece (24) to the
blade support piece (23), characterised in that
the at least one blade piece (24) comprises ce-
mented carbide and the blade support piece (23)
comprises cemented carbide.

2. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 1, wherein fasten-
ing the at least one blade piece (24) comprises at
least one of inserting the blade piece (24) in a slot
in the blade support piece (23), welding the blade
piece to the blade support piece (23), brazing the
blade piece to the blade support piece (23), soldering

the blade piece to the blade support piece (23), force
fitting the blade piece to the blade support piece (23),
shrink fitting the blade piece to the blade support
piece (23), adhesive bonding the blade piece to the
blade support piece (23), attaching the blade piece
to the blade support piece (23)with a threaded me-
chanical fastener, and mechanically affixing the
blade piece to the blade support piece (23).

3. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 1, wherein the
blade support piece (23) consists essentially of ce-
mented carbide.

4. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 1, wherein the
blade support piece (23) and the at least one blade
piece (24) each independently comprise a cemented
carbide including particles of at least one carbide in
a binder, wherein the at least one carbide is a carbide
of a transition metal selected from titanium, chromi-
um, vanadium, zirconium, hafnium, tantalum, molyb-
denum, niobium, and tungsten, and wherein the
binder comprises at least one metal selected from
cobalt, nickel, iron, cobalt alloy, nicekl alloy, and iron
alloy.

5. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 4, wherein the
binder of the cemented carbide of the blade support
piece (23) and the binder of the cemented carbide
of the at least one blade piece (24) each independ-
ently further comprise an alloying agent selected
from tungsten, titanium, tantalum, niobium, chromi-
um, molybdenum, boron, carbon, silicon, ruthenium,
rhenium, manganese, aluminium, copper, vanadi-
um, zirconium, and hafnium.

6. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 4, wherein the
carbide is tungsten carbide and the binder comprises
cobalt.

7. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 4, wherein provid-
ing the at least one blade piece (24) comprises com-
pacting a powdered metal into a green compact, ma-
chining the green compact, and sintering the ma-
chined green compact.

8. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 7, wherein provid-
ing the blade support piece (23) comprises compact-
ing a powdered metal into a green compact, machin-
ing the green compact, and sintering the machined
green compact.

9. The method of producing a modular fixed cutter
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earth-boring bit body (20) of any of claims 7 and 8,
wherein the powdered metal comprises a metal car-
bide powder and a binder powder.

10. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 1, wherein the at
least one blade piece (24,61) comprises multiple
pieces, and wherein the method comprises fastening
the multiple pieces to the blade support piece (23).

11. The method of producing a modular fixed cutter
earth-boring bit body (20) of claim 1, further compris-
ing machining at least one insert pocket (51) into the
at least one blade piece (24,61).

12. A method of producing a modular fixed cutter earth-
boring bit comprising:

providing the modular fixed cutter earth-boring
bit body (20) in accordance with claim 1; and
fastening at least one cutting insert to the at least
one blade piece (24,61).

Patentansprüche

1. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20), umfassend:

die Bereitstellung eines Flügelträgerstücks (23);
die Bereitstellung mindestens eines Flügel-
stücks (24); und
die Befestigung des mindestens einen Flügel-
stücks (24) am Flügelträgerstück (23),
dadurch gekennzeichnet, dass das mindes-
tens eine Flügelstück ein Sinterhartmetall um-
fasst und das Flügelträgerstück (23) ein Sinter-
hartmetall umfasst.

2. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 1, wobei das Anbringen des min-
destens einen Flügelstücks (24) mindestens eines
der Folgenden umfasst: das Einsetzen des Flügel-
stücks (24) in ein Fach im Flügelträgerstück (23),
das Anschweißen des Flügelstücks an das Flügel-
trägerstück (23), das Hartlöten des Flügelstücks an
das Flügelträgerstück (23), das Weichlöten des Flü-
gelstücks an das Flügelträgerstück (23), das Auf-
schrumpfen des Flügelstücks an das Flügelträger-
stück (23), das Aufkleben des Flügelstücks an das
Flügelträgerstück (23), das Befestigen des Flügel-
stücks am Flügelträgerstück (23) mit einer mecha-
nischen Schraubverbindung und das mechanische
Fixieren des Flügelstücks am Flügelträgerstück (23).

3. Verfahren zur Herstellung eines modularen Erdbohr-

meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 1, wobei das Flügelträckerstück
(23) im Wesentlichen ein Sinterhartmetall umfasst.

4. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 1, wobei das Flügelträgerstück
(23) und das mindestens eine Flügelstück (24) un-
abhängig voneinander ein Sinterhartmetall umfas-
sen, einschließlich Teilchen von mindestens einem
Carbid in einem Bindemittel, wobei das mindestens
eine Carbid ein Carbid eines Übergangsmetalls ist,
das aus Titan, Chrom, Vanadium, Zirconium, Hafni-
um, Tantal, Molybdän, Niob und Wolfram ausge-
wählt ist, und wobei das Bindemittel mindestens ein
Metall umfasst, das aus Kobalt, Nickel, Eisen, einer
Kobaltlegierung, einer Nickellegierung und einer Ei-
senlegierung ausgewählt ist.

5. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 4, wobei das Bindemittel des
Sinterhartmetalls des Flügelträgerstücks (23) und
das Bindemittel des Sinterhartmetalls des mindes-
tens einen Flügelstücks (24) unabhängig voneinan-
der zudem einen Legierungsbestandteil umfasst,
der aus Wolfram, Titan, Niob, Chrom, Molybdän,
Bor, Kohlenstoff, Silicium, Ruthenium, Rhenium,
Mangan, Aluminium, Kupfer, Vanadium, Zirkonium
und Hafnium ausgewählt ist.

6. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 4, wobei das Carbid ein Wolf-
ramcarbid ist und das Bindemittel Kobalt umfasst.

7. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 4, wobei das Bereitstellen des
mindestens einen Flügelstücks (24) das Pressen ei-
nes Metallpulvers in einen Grünkörper, die spanen-
de Bearbeitung des Grünkörpers und das Sintern
des zerspanten Grünkörpers umfasst.

8. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 7, wobei das Bereitstellen des
Flügelträgerstücks (23) das Pressen eines Metall-
pulvers in einen Grünkörper, die spanende Bearbei-
tung des Grünkörpers und das Sintern des zerspan-
ten Grünkörpers umfasst.

9. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach einem der Ansprüche 7 und 8, wobei das
Metallpulver ein Metallcarbidpulver und ein Binde-
mittelpulver umfasst.
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10. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 1, wobei das mindestens eine
Flügelstück (24, 61) mehrere Teile umfasst und wo-
bei das Verfahren die Befestigung der mehreren Tei-
le am Flügelträgerstück (23) umfasst.

11. Verfahren zur Herstellung eines modularen Erdbohr-
meißelkörpers mit feststehendem Schneidwerkzeug
(20) nach Anspruch 1, ferner umfassend die maschi-
nelle Herstellung mindestens eines Einsatzfaches
(51) in dem mindestens einen Flügelstück (24, 61).

12. Verfahren zur Herstellung eines modularen Erdbohr-
meißels, umfassend:

Bereitstellen des modularen Erdbohrmeißelkör-
pers mit feststehendem Schneidwerkzeug (20)
nach Anspruch 1; und
Anbringen von mindestens einem Schneidein-
satz an dem mindestens einen Flügelstück (24,
61).

Revendications

1. Une méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20)
comprenant :

la fourniture d’un support de lame (23) ;
la fourniture d’au moins une lame (24) ; et
la fixation de ladite lame minimale (24) au sup-
port de lame (23),
avec pour caractéristique qu’au moins ladite la-
me minimale (24) contienne du carbure cémen-
té et que le support de lame (23) contienne du
carbure cémenté.

2. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 1 dans laquelle la fixation de ladite la-
me minimale (24) contient au moins une insertion de
la lame (24) dans une encoche dans le support de
lame (23), la soudure de la lame au support de lame
(23), le brasage de la lame au support de lame (23),
la soudure de la lame au support de lame (23), l’as-
semblage de la lame au support de lame (23), l’as-
semblage par rétraction de la lame au support de
lame (23), le collage de la lame au support de lame
(23), la fixation de la lame au support de lame (23)
avec une attache filetée mécanique, et l’apposition
mécanique de la lame au support de lame (23).

3. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 1 dans laquelle le support de lame (23)
contient essentiellement du carbure cémenté.

4. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 1 dans laquelle le support de lame (23)
et ladite lame minimal (24), chacun indépendam-
ment, contient un carbure cémenté incluant des par-
ticules d’au moins un carbure dans un liant, dans
lequel ce carbure est un carbure d’un métal de tran-
sition sélectionné à partir de titane, chrome, vana-
dium, zirconium, hafnium, tantale, molybdène, nio-
bium, et tungstène, et dans lequel le liant est cons-
titué d’au moins un métal, sélectionné à partir de
cobalt, nickel, alliage fer1 cobalt, alliage de nickel,
et alliage de fer.

5. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 4, dans laquelle le liant de carbure cé-
menté du support de lame (23) et le liant du carbure
cémenté de ladite lame minimale (24), chacun indé-
pendamment, contiennent aussi un agent d’alliage
sélectionné à partir du tungstène, titane, tantale nio-
bium, chrome, molybdène, baron, carbone, silicone,
ruthénium, rhénium, manganèse, aluminium, cuivre,
vanadium, zirconium, et hafnium.

6. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 4, dans laquelle le carbure est un car-
bure de tungstène et le liant contient du cobalt.

7. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 4, dans laquelle la fourniture de ladite
lame minimale (24) contient le compactage d’un mé-
tal poudré en une préforme, l’usinage de la préforme,
et le frittage de la préforme usinée.

8. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 7, dans laquelle la fourniture du sup-
port de lame (23) contient le compactage d’un métal
poudré en une préforme, l’usinage de la préforme,
et le frittage de la préforme usinée.

9. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) des re-
vendications 7 et 8, dans laquelle le métal poudré
contient une poudre de carbure métal et une poudre
de liant.

10. La méthode de production d’un corps de trépan de
forage de sol modulaire à couteau fixe (20) de la
revendication 1, dans laquelle ladite lame minimale
(24, 61) contient plusieurs pièces, et dans laquelle
la méthode comprend la fixation de plusieurs pièces
au support de lame (23).

11. La méthode de production d’un corps de trépan de
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forage de sol modulaire à couteau fixe (20) de la
revendication 1, comprenant aussi l’usinage d’au
moins une poche d’insert (51) dans ladite lame mi-
nimale (24, 61).

12. La méthode de production d’un corps de trépan de
forage de sol modulaire comprenant :

la fourniture d’un corps de trépan de forage de
sol modulaire (20) en conformité avec la reven-
dication 1 ; et
la fixation d’au moins un insert de coupe à ladite
lame minimale (24, 61).
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